For unstructured roads that have no obvious lane markings or lane boundaries, color and texture information combined with edges are often employed to distinguish the road surface from the surroundings under the assumption that the color or texture of the road surface is very different from the surroundings beside the road. The SCARF system [12] used a set of Gaussians to model the colors of both off-roads and roads that have degraded surfaces and edges with no lane markings. Rasmussen [13] assumed that the color of road surface is homogeneous and utilized texture features to deal with rural roads. Gao et al. [14] presented an unstructured road detection algorithm through feature learning using colours in HSV representation. Huang et al. [15] also proposed a system based on HSV color space and road features. In addition to pure vision-based algorithms, Liu et al. [16] fused multi-sensor data acquired by both a camera and a laser range finder for unstructured road tracking. Dahlkamp et al. [17] also proposed a system with multiple sensors. The laser sensor is used to scan for flat, drivable surface area near the vehicle, and the extracted area is used as the training data for the computer vision algorithm.
Pomerleau [18] proposed a Rapidly Adapting Lateral Position Handler (RALPH) system, which constitutes an adaptive high-speed matching procedure to determine the lane's curvature and its lateral offset. Though the RALPH approach reduces computation cost for rapid response, it suffered from low precision and influenced by the insufficient parameters. There is an additional approach [19] which combines the Hough Transform and the Line-Snake model. It first divides an image into a few sub-regions along the vertical direction, and then performs the Hough transform on each sub-region to obtain an initial estimation of the lane boundaries. Afterwards, the Line-Snake model is exploited to improve the results of lane boundary detection.
There are some shortcomings in traditional methods [20] [21] [22] , for example, an algorithm that performs well on structured roads could work poorly on unstructured roads, whereas an algorithm suitable for handling rural roads might not be suitable for handling highways. More specifically, edge or intensity-based methods will fail on unstructured roads because of lack of obvious edges or markings with bright intensities. On the other hand, the assumption for colour or texture-based methods does not hold for highways because the colour and texture of one lane does not have much difference from the lane right next to it.
The purpose of this work is to inherit these promising research results and further explore the potential of this challenge problem. Generally, a robust and effective lane detection approach should be comprehensive the following aspects, (1) Considering roads including straight, curved, painted, unpainted roads.
(2) Shadows are presence of results from artifacts produced by trees, buildings, bridges, or other vehicles, etc.
(3) Moderate computational complexity so that a common embedded processor can qualified; and effectively cost control so that consumer can afford.
The organization of the lecture is as follows. After a general introduction of the research issue of the intelligent vehicle system, a real time lane detection algorithm based on monocular vision has been discussed in section II. The system design includes of hardware and software procedure is developed in section III. In section IV, the real time experimental results and analysis has been discussed. Finally, the lecture has been concluded in section V.
II. LANE DETECTION
Considering the complexity of the environment of actual lane, road line is often degraded by some factors, such as shadows, water, pavement cracks, etc, so in the lane detection process, it is difficult to achieve both high detection efficiency and robustness, so it is necessary to optimize the algorithm.
We propose an algorithm with a single camera, which can be decomposed to five steps, the scheme is depicted in Fig.1 . In road image, road lanes present two intersect lines at vanishing point resulting from the image perspective. So the searching for rules should be property of preserves longitudinal and latitudinal continuity of the road markings or boundaries, while make other unwanted edges, for example shadows, disordered as much as possible, so that discard by subsequent discrimination.
The search scheme descriptions as follows. As depict in Figure. The results is present in Figure. 
In an edges map, the set of road candidate S is defined as a collection of couple of points described as follows
Where k is the total number of the edge segments in set S, the P (x ks , y ks ) and P (x ke , y ke ) is the start and last end point of the k th edge.
( 1)
( 1) 
Aim to further weaken the unwanted fraction segments; a linking process should be performing.
As depicted in Fig.6 . K-means clustering is a method of cluster analysis which aims to partition n observation in to k clusters in which each observation belongs to the cluster with the nearest mean. In this paper, given a set of points(x 1 ,x 2 ,…,x n ),the k is decided by the priori knowledge.
After large sample statistics on the computation platform, the platform will be introduced in part 4, we get the compute time of every frame, as shown in table 1. Average processing time of each frame is 75.6 ms, which means 13 fps, can satisfy the requirements by normal speed. III. SYSTEM DESIGN Aim to test the algorithm proposed above, an Advanced Driver Assistant System (ADAS) should be designed [23] . ADASs are inherently human-centered, since the control system must work together with the driver to achieve a safe and comfortable driving experience. The humanmachine interface (HMI) provides the layer between the control system and the driver. The HMI is a very important factor in the ADAS design, because the HMI must be interpreted by the driver in a natural way, and should not reduce driver vigilance or cause compensation effects. These human factors issues involve detailed research outside the scope of this thesis, and HMI system design and validation will therefore not be further investigated.
On the other hand, the interaction with the human driver adds extra complexity to the system design, an issue that cannot be neglected in the system validation process. Unfortunately, it is often difficult to validate the HMI operation against qualitative criteria, because of the psychological elements of HMI interpretation.
In our system, with the optical sensor on the front glass, the road environment is collected through video, then using our detection methods, the lane is detected, the results display at the same time, and give drivers valid road information. The device comprises two function modules mainly: one is image acquisition module (hardware), another is processing (software) module.
a. Hardware
The hardware structure is demonstrated by Fig.7 , the system's reliability, mobility are considered mainly, according to the different environment under indoor and outdoor, we select two kinds of power units, one is battery, another is AC/DC transformer, and the camera is Lm085 by Lumenera corporation, which is 100 fps under resolution of 320×240, the CPU is Intel Pentium III，933MHz, and LCD touch screen is used to reduce the occupied space, and to optimize the users' feeling. The main purpose of system test is to verify the reliability and real-time of hardware and software system, which is the guarantee for future upgrades and improvements.
Experiment scheme as shown in Fig 9, from the camera on the front glass, we collect the traffic scene, and process with the system.
After calibrating the camera parameters, we install the camera on the wind screen, similar to [26] .
The coach is as shown in Fig 10(a) , and the installation location is shown in Fig 10(b) , USB 2.0 is used to collect images real-time from sensor to the memory card, after processing the image, the results are displayed on LCD. 
CONCLUSIONS
In this paper, a novel intelligent vehicle oriented lane detection approach using monocular camera is presented. Conclusions are made as following:
(1) A five steps lane detection scheme that can successfully locate the lane line or boundary. In addition, it is also effective in various bad road scenes.
(2) No assumptions are made about road structure, marking, or lane type, etc, so it owns a better generalize capability than others.
(3) Plenty of experiments have been conducted and results show that the proposed method is robust to noises, shadows, illumination variations in the captured road videos, and is also applicable to both the marked and the unmarked road.
